(KBr pellets). NMR 1 H and 13 C spectra were taken on a Bruker DRX-500 instrument in DMSO-d 6 with HMDS as internal standard. Mass spectra were registered on Varian MAT CH_6 and Varian MAT CH_111 in struments (70 eV). The elemental analysis for C, H, N was carried out on a Perkin-Elmer C, N, O analyzer.
3,4-Bis(3-aminofurazan-4-yl)furoxan 2a and 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 were prepared according to known methods [19, 20, 23] . Assignment of the NMR signals of the carbon atoms in fused 1,2,5-oxadiazole were made according to [25] .
2.1.
To stirred solution of 3.12 g, (0.01 mol) of compound 1 in dry acetonitrile (20 mL) the solution of at least 0.03 mol of appropriate primary amine* or 0.04 mol of secondary amine in 20 mL acetonitrile was slowly added with additional cooling such that the temperature did not exceed 5-10 o C. The mixture was maintained at this temperature for additional hour, then heated to 40 o C and stirred for 30 minutes. About 2/3 of the acetonitrile was evaporated in vacuo, and the residue was diluted with 50 mL of cold water. An oil (2b-2e) or solid (3a-3f) was separated and recrystallized from Et 2 OCCl 4 (compounds 2b-2e) or MeOH-DMF (compounds 3b-3f) and MeOH-H 2 O (compound 3a). Average yield was about 70%** (see Table 1 ).
*) in the case of NH 3 and CH 3 NH 3 (compounds 3a, 3b) 25-30% solutions in water were used; hydrazine (compound 3f) was used as hydrazine-hydrate. **) in case of aqueous solutions of ammonia and methylamine (compounds 3a, 3b) the yield was much smaller due to partial hydrolysis of 1 (see Table 1 The mixture of 1.25 g (0.005 mol) of N-amine 3f with 0.6 g (0.0057 mol) of benzaldehyde in 30 mL EtOH was heated under reflux in presence of a few drops of AcOH for one hour. After cooling at room temperature the precipitate was filtered off and recrystallized from AcOH-EtOH. The yield of the title compound was 90%. 1.25 g (0,01 mol) of compound 3f in 10 mL Ac 2 O was heated under reflux in presence of 0.5 g (6mmol) NaOAc for one hour. The mixture was cooled to room temperature and poured into 50 mL of H 2 O. The precipitate was filtered off and recrystallized from AcOHEtOH. The yield of N,N-diacetyl compound 5 was 80%. A saturated aqueous solution of NaNO 2 (0,9 g, 0,013 mol) was added dropwise to a suspension of 2.5 g (0.01 mol) of compound 3f in 30 mL of glacial acetic acid at 5-10 o C. The resulting mixture was evaporated in vacuo, diluted by water and the precipitate was filtered off and recrystallized from water. Compound 3a was obtained in 85% yield.
Results and discussion
Our experiments have shown that both nitro groups of 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 readily undergo nucleophilic substitution with amines. Acetonitrile was used as a solvent, and the reaction proceeds at 5-10 о С and is accompanied by a significant exotherm. However, reactions with primary and secondary amines leads to different products.
Reactions with secondary amine resulted in the expected product of the substitution of both nitro groups by the secondary amino groups (Scheme 2). General procedure for reaction of 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 with aliphatic amines and hydrazine (compounds 2b-2e, 3a-3f) Unexpectedly, the reaction of 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 with ammonia or primary aliphatic amines leads to the formation of an annelated azepine structure, i.e., two nitro groups in the initial product are replaced just by one amino group with 7-membered cycle formation (Scheme 3). The received heterocyclic systems are not described in the literature, from possible four joints 1,2,5-oxadiazole ring and azepine cycle only not numerous derivatives 1,2,5-oxadiazole[3,4-c]azepine (Scheme 4) are known [26, 27] . (For a review of furazanes fused to six-and seven-membered heterocycles see [28] ).
The formation of cyclic products has been demonstrated by physical-chemical analysis (Table 1) and confirmed by their chemical properties.
No signals corresponding to protons of an NH group were detected in NMR-1 H spectra of compounds 3b (R = CH 3 ), 3c (R = CH 2 Ph), 3d (R = CH 2 CH 2 OH), 3e (R = cyclo-C 7 H 13 ) ( Table 1 ). The signal of the NH group in compound 3a (R = NH) is less shifted in comparison to the chemical shifts of the NH 2 groups [29] in 3,4-bis(3-aminofurazan-4-yl)furoxan 2a (Scheme 1). It should be noted that in the case of the formation of a linear 4,4'-diaminosubstituted product like compounds 2a-2e, two terminal amino groups should be nonequivalent in NMR-1 H spectra, owing to the asymmetry of the structure due to the influence of exocyclic N→O group as it occurs in NMR-1 H spectra of compounds 2a-2e. It applies equally to chemical shifts of the carbon atoms of joined N-alkyl group in NMR-13 C spectra; the signals of only single substituent R in cyclic compounds 3a-3e were fixed though. There are six signals assigned to two nonequivalent furazan and one furoxan [20] rings in NMR-13 C spectra of compounds obtained. The chemical shift of carbons adjacent to exocyclic N→O carbon atom lies in stronger field than signals of the rest of carbon atoms in 1,2,5-oxadiazole rings system. The chemical shits of C-1 and C-6 atoms in the seven-membered structure are located in stronger field in comparison with similar atoms in a linear structure (2a-2e). This result can be explained by the participation of a loneelectron pair of the nitrogen atom in π-electron system of four member heterocyclic system and reallocation of the electron density in molecule towards to concerning nitrogen atom.
The IR spectrum of azepine structures like 3a-3f also differs from the IR spectrum of linear products 2a-2e particularly in the field of skeleton ring system vibrations at 1650-1500 cm -1 . Mass spectra of the obtained products 3a-3f include peaks of the molecular ions assigned to the assumed cyclic structure. Compounds 3a, 3b, 3c, and 3e appeared to be inert towards reaction with acetic anhydride. In the case of compound 3a the result can be explained by the lower basicity of cyclic amino group due to strong electron acceptor properties of the two furazan moieties. In the other cases, this confirms the absence of free N-H groups (in case of formation a linear 4,4'-diaminosubstituted product N-H groups should be acylated easily as it takes place in case of 3,4-bis(3-aminofurazan-4-yl)furoxan 2a).
Such behavior of 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 to wards primary amines might be explained by the following: according to the X-ray diffraction analysis [19, 31] furazan rings of dinitro compound 1 are initially located turned in with respect to each other which creates favorable pre-conditions for ring structure for mation.
In this case, it can be assumed that the reaction proceeds as intramolecular, two-step procedure with elimination of two molecules of nitrous acid and favorable seven-membered ring formation.
We have received additional proof of this assumption by studying the reaction of 3,4-bis(3-nitrofurazan-4-yl)-furoxan 1 with hydrazine (Scheme 3, R = NH 2 ). Both nitro groups of 1 were replaced by only one NH 2 moiety of hydrazine with seven-membered ring formation. In case of successive substitution of nitro groups in the dinitro compound 1 by hydrazine, one should expect dihidrazino-substituted product formation as a result of interaction of the second nitro group in mono hydrazinosubstituted reaction intermediate with free hydrazine owing to its major nucleophility.
The chemical properties of the obtained of 7-amino-7H-tris[1,2,5]oxadiazolo[3,4-b:3',4'-d:3'',4''-f] azepine 1-oxide 3f confirm its structure (Scheme 5). Thus, compound 3f with benzaldehyde gives the corresponding azomethine 4. The acylation of 3f results in N,N-diacetyl derivative 5 and the diazotization by nitrous acid leads to removal of the N-amino group and compound 3a formation (in case of linear structure one should expect the azido group formation).
It should be noted that the result of interaction of dinitro compound 1 with primary amines does not depend on the order of mixing reagents. The corresponding linear products of mono-or disubstitution of nitro group by amine were not formed when amine was added to the excess of the donator compound or donator compound was added to the excess of amine. The lack of amine results in decrease of conversion ratio of 1 to 3a-3f and the formation of some side products. Hence, the leaving of two terminal nitro groups with the formation of two new C-N bonds should occur simultaneously. Otherwise one should expect forma tion of terminal diamino derivatives due to higher nucleophility of free amine in compari son to the amino group linked with the furazan cycle. 
Conclusions
To summarize, we demonstrated that 3,4-bis(3-nitrofurazan-4-yl)furoxan is quite sensitive to reaction with nucleophiles, notably hydrazine, ammonia, primary and secondary highly basic amines. The reaction of 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 with secondary aliphatic amines runs in a typical way typical of other nitrofurazan compounds (see for example [18] ) and may be suggested as convenient synthetic method for tertiary amino bis-furazanylfuroxans. The nucleophilic displacement of the nitro groups at the furazan rings of 3,4-bis(3-nitrofurazan-4-yl)furoxan 1 with ammonia, primary aliphatic amines and hydrazine reveals a new applied approach for the synthesis of novel class of seven-membered heterocyclic compounds containing annelated three 1,2,5-oxadiazole rings. Such unusual ring formation can be explained by highly preorganized structure of dinitro compound 1 for a new ring formation. These compounds may possess certain interest in the chemistry of energetic materials and also have biological activity. Their chemical properties will be studied in our lab.
